Abstract-A survey about radiation protection in pediatric radiology was conducted among 22 general and seven children's hospitals in the Netherlands. Questions concerned, for example, child protocols used for CT, fluoroscopy and x-ray imaging, number of images and scans made, radiation doses and measures taken to reduce these, special tools used for children, and quality assurance issues. The answers received from 27 hospitals indicate that radiation protection practices differ considerably between general and children's hospitals but also between the respective general and children's hospitals. It is recommended that hospitals consult each other to come up with more uniform best practices. Few hospitals were able to supply doses that can be compared to the national Diagnostic Reference Levels (DRLs). The ones that could be compared exceeded the DRLs in one in five cases, which is more than was expected beforehand. Health Phys. 111(4): 393-397; 2016 
INTRODUCTION
RECENTLY SEVERAL studies have pointed out the late effects on cancer incidence of CT examinations during childhood (Matthews et al. 2013; Pearce et al. 2012) . Naturally, these examinations take place upon medical indications, and a net health benefit is expected. In other words, the required exposure to ionizing radiation should be justified beforehand. The ALARA principle of radiation protection requires the radiological procedure to be optimized. For optimized procedures, so-called diagnostic reference levels (DRLs) have been established. These DRLs represent achievable doses in good clinical practice. In a recent investigation of the implementation of DRLs in Dutch hospitals , it was found that only one in 20 hospitals was able to compare its dose values to the DRLs for children according to the prescribed procedure (Nederlandse Commissie voor Stralingsdosimetrie 2012). This result, together with the recent findings on risks of CT scans in early childhood, were the main motivations for this study.
Apart from that, this study is also in part a follow-up of a study conducted in 2005 and published in a Dutch report (Stoop and Bijwaard 2006) . In that study, several recommendations for Dutch pediatric radiology were formulated. For example, it was recommended to more often use special equipment for children as well as specific child protocols. Here, it is also investigated whether these recommendations have actually influenced Dutch clinical practice.
MATERIALS AND METHODS
Twenty-two general hospitals were randomly selected out of all Dutch hospitals (currently approximately 80 conglomerates) together with all seven Dutch children's hospitals. An electronic questionnaire was set up in five parts: part 1 consisted of general questions about the respondent; part 2 consisted of general questions about the radiology department (number of staff, number of examinations, radiation protection tools, etc.); part 3 was about x-ray radiography; part 4 was about CT scanning; and part 5 was about fluoroscopy. The questionnaire was reviewed by the Dutch Pediatric Society and the Pediatric Radiology section of the Dutch Society for Radiology. In this paper as well as in the corresponding Dutch report , the responses of the hospitals are treated anonymously.
RESULTS
Out of the 29 hospitals that were contacted, 27 responded to the survey (93%). The two hospitals that did not respond are general (and not children's) hospitals. In the following the main findings are presented. The results are described more elaborately in the Dutch report . Table 1 shows the reported number of different kinds of CT scans. Pediatric CT scans are most often conducted of the head and thorax. Most hospitals use special child protocols for CT scans (ranging from 63% for pelvic CT scans to 93% for head CT scans; see Table 2 ), but not all. A similar picture arises for fluoroscopy. Table 1 also shows the reported number of different types of fluoroscopic examinations. Fluoroscopy of the esophagus/stomach and micturating cystourethrograms (MCUGs) are conducted most often. Again most hospitals use special child protocols (ranging from 59% for fluoroscopy of the small intestine to 89% for MCUGs; see Table 2 ), but not all. Finally, Table 1 shows the reported number of different kinds of x rays. Again most hospitals use special child protocols (ranging from 63% for x rays of different parts of the spine to 89% for x rays of the thorax and pelvis; see Table 2 ), but not all. Regarding the periodic revision of protocols, seven hospitals (26%) indicate that they revise their protocols more often than yearly and 16 hospitals (59%) less often. The other hospitals revise protocols when they receive an indication that this is needed.
The survey contained several questions about special tools/materials that are used for children. All hospitals reported the use of immobilization materials, nine (33%) have a child-friendly CT scanning environment, 14 hospitals (52%) use audio-visual aids, and six (22%) report other tools/ materials. None of the children's hospitals report the use of gonad shielding, but nearly half of the general hospitals (nine out of 20) still use this for radiation protection.
None of the hospitals register and evaluate failed x-rays or CT scans. However, many of them do report failures mainly due to children moving during the procedure (mentioned 11 times). Other reasons for failures are wrong settings (8x), malfunction of equipment (2x), and procedures being too complex (1x). Measures taken to prevent motion artifacts include instruction beforehand (25x), use of natural sleep (17x), distraction (10x), a relaxing environment (8x), games (8x), or reducing stress (4x).
In the Netherlands, Diagnostic Reference Levels (DRLs) have been proposed for two types of pediatric x-ray examinations: x-thorax and x-abdomen. The formal comparison of doses (DAP values) to DRLs requires 20 patients per age category (0, 1, or 5 y old). Many general hospitals do not receive enough children to perform this comparison. Twelve hospitals reported doses that can be compared to the DRL for x-thorax (see Fig. 1 ). Most of these are below the DRL with some notable exceptions. This is similar for the comparison to the DRL for x-abdomen (nine cases, shown in Fig. 2 ). Measures taken to reduce the doses include lowering the tube current or voltage (27x and 26x), removing the scatter grid (23x), optimizing distances (16x), adjusting the filtering (13x), and shielding of certain organs (5x). No clear relation between measures taken and doses reported was found. This may have to do with the fact that no information was provided on how the measures were implemented (what tube current/voltage was used; what are the optimal distances; which filtering was used, etc.). Note that the total number of examinations is not the sum of the different types because some hospitals reported only a total number. Only nine hospitals use guidelines at the radiology department to determine whether a CT scan is necessary. In the other cases, a radiologist is usually consulted. For head CT scans, a DRL for children has been proposed. Hospitals 8 and 9 have compared their doses (DLP and CTDI) to the DRL (see Fig. 3 ). For CTDI, the reported values are usually below the DRL, but for DLP, this is often not the case. Measures taken to reduce the doses include lowering the tube current or voltage (both 23x), tube current modulation (21x), adjusting the scan area (18x), adjusting scan phases (18x), paying extra attention to patient positioning (18x), use of iterative reconstruction (17x), dynamic collimation (14x), adjusting the filtering (11x), and shielding of certain organs (4x).
With regard to fluoroscopic examinations, a DRL has been proposed only for MCUG. Six hospitals have reported dose values that can be compared to the DRL (see Fig. 4 ). None of these exceed the DRL. Measures taken to reduce the doses include lowering the tube current or voltage (24x and 23x), use of Last Image Hold (LIH, 23x), pulsed fluoroscopy (22x), recording series (21x), optimizing distances (16x), positioning the x-ray tube below the table (16x), removing the scatter grid (12x), using extra filtering (9x), use of contrast overlay (6x), use of a low Z matras (3x), and shielding of certain organs (2x).
DISCUSSION
This study is in a way a follow-up of an earlier study (Stoop and Bijwaard 2006) . In that study, an estimate of the number of yearly CT and fluoroscopic examinations in children was derived, namely 12,000 and 8,850, respectively. From the data collected in this study, a similar estimate can be derived. The children's and general hospitals have reported 4,421 and 3,196 CT scans, respectively. Extrapolating these numbers to all hospitals in the Netherlands leads to a total of approximately 22,000 CT scans, or an increase of 10,000 scans (83%) since the previous study. A similar extrapolation for the number of fluoroscopic examinations leads to approximately 11,000 examinations in 2014, compared to 8,850 in the previous study (a 24% increase). The rise in pediatric CT scans is comparable to what is observed for the entire Dutch population (78%); the rise in fluoroscopy is below that observed for the entire population (70%).
The main recommendations of Stoop and Bijwaard (2006) were, first, to increase the use of special equipment for children and second, to increase the use of child protocols in general hospitals. Protocols for CT and fluoroscopic examinations were lacking in 11% and 33% of the general hospitals. In the current investigation, CT child protocols are absent in 10-45% of the general hospitals (depending on the type of scan), and fluoroscopy protocols are absent in 15-50% of them. This indicates that the second part of the recommendation has not been followed. For the first part, more comforting results have been obtained: all general hospitals do have some special equipment for children, compared to only half of them in the previous study.
The most remarkable finding of this study is the heterogeneity in procedures and measures taken by the different hospitals. There are large differences in protocols; in ways to reduce exposure to radiation; in the use of gonad shielding; in ways to prevent motion artifacts; in the use of guidelines; in the use of anesthesia; in the use of bolus tracking; and in the adjustment of parameters based on weight, length, circumference, or age and so on. The differences mentioned above are found between children's hospitals on the one hand and general hospitals on the other hand, but also between individual children's hospitals and between individual general hospitals. It seems as if every hospital has developed its own procedure regardless of what is customary elsewhere. On the one hand, it is to be applauded that so much effort is being spent on radiation protection of children; but on the other hand, more could probably be achieved by setting up some general best practices.
Unfortunately, comparisons to the DRLs could only be obtained in approximately half of the hospitals. Many of the other hospitals receive too few children to perform comparisons along the lines that have been proposed by the National Committee on Radiation Dosimetry (Nederlandse Commissie voor Stralingsdosimetrie 2012). It is advisable to reconsider these lines and perhaps introduce an alternative procedure for hospitals that receive few children; for example, by introducing a DRL curve (Kiljunen et al. 2007 ). In the hospitals that do compare doses to DRLs, the latter are exceeded in approximately 20% of cases. If DRLs were based upon 75-percentile values of a dose survey, this would not be a surprising result. However, in the Netherlands, the DRLs are based on expert judgment (guided by a limited number of dose measurements). The general feeling is that hospitals should easily obtain values (far) below the DRL. This is why apart from DRLs also target values have been defined that are often half the DRL value. In that respect, it is surprising that DRLs are exceeded quite often.
CONCLUSION
With regard to an earlier study (Stoop and Bijwaard 2006) , the number of radiological examinations of children in the Netherlands has increased considerably, but not more than is observed for the general population. The availability of special equipment for children has increased, but this is not true for the use of child protocols: These are still lacking in quite a few general hospitals.
Apart from this, there are large differences in radiation protection measures for children between hospitals. These differences include, among other things, the parameter settings of the equipment, the use of shielding, the use of guidelines, ways to prevent motion artifacts, the use of anesthesia, and the use of bolus tracking. Hospitals are recommended to consult each other on these issues and draft best practices.
Furthermore, none of the hospitals registers and evaluates failed examinations, although this is generally recommended (Shet et al. 2011 ). Many hospitals are not able to compare dose measures to DRLs for children because they do not receive enough children to follow the national guidelines. The hospitals that do perform this comparison exceed the DRLs in approximately 20% of cases. This is surprising since DRLs have been set at achievable values in the Netherlands. It is recommended to further investigate this and to simplify the comparison procedure, especially since recent studies seem to emphasize the radiation risks for children.
